(19) 



J 



(12) 



(45) Date of publication and mention 
of the grant of the patent: 
22.01.1997 Bulletin 1997/04 

(21 ) Application number: 891 1 7636.4 

(22) Date of filing: 25.09.1989 



Europdisches Patentamt 
European Patent Office 
Office europSen des brevets (11) EP 0 372 1 83 B1 

EUROPEAN PATENT SPECIFICATION 

(51) Int. CI. 6 : C07C 11/107, C07C 1/30 



(54) Process for the production of 2,3-dimethylbutenes 

Verfahren zur Herstellung von 2,3-Dimethylbutenen 
Proc6d6 pour la fabrication de butenes-dimethyles-2,3 



QQ 

CO 
CO 

CM 

co 



Q. 
UJ 



(84) Designated Contracting States: 
CH DE FR GB IT U 

(30) Priority: 07.12.1988 J P 310494/88 

(43) Date of publication of application: 
13.06.1990 Bulletin 1990/24 

(73) Proprietor: SUMITOMO CHEMICAL COMPANY, 
LIMITED 

Chuo-ku Osaka 541 (JP) 

(72) Inventors: 

• Ishino, Masaru 
Ibaraki-shi Osaka-fu (JP) 

• Yamamoto, Michio 
Takatsuki-shi Osaka-fu (JP) 

• Hazama, Motoo 
Ibaraki-shi Osaka-fu (JP) 



(74) Representative: VOSSIUS & PARTNER 
Postfach 8607 67 
81634 Munchen (DE) 



(56) References cited: 
EPA- 0134 464 
US-A-2 404927 
US-A-3 225112 



FR-A- 1423 174 
US-A-2 613 233 
US-A- 3 445 538 



• HOUBEN-WEYL: "METHODEN DER 
ORG ANISCHEN CHEMIE" 4th ed., vol. V, part 1 b, 
1972, pp. 175-179, Georg Ttiieme Verlag, 
Stuttgart, DE 

Remarks: 

The file contains technical information submitted 
after the application was filed and not included in 
this specification 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by RanK Xerox (UK) Business Services 
2.13.13/3.4 



EP 0 372 183 B1 



Description 

The present invention relates to a process for the production of 2,3-dimethylbutenes from 1-chloro-3,3-dimethylbu- 
tane through dehydrochlorination. 

5 2,3-Dimethylbutenes. that is, 2,3-dimethyl-1 -butene and 2,3-dimethyl-2-butene, have been known as raw materials 
for medicine, agricultural chemicals, perfume and so on. 

It Is also known that 2,3-dimethylbutenes can be obtained by the dehydrochlorination of 1-chloro-3,3-dimethylbu- 
tane in a gas phase in the presence of a catalyst such as silica or alumina {U.S. Patent No. 2404927) or in a liquid phase 
in the presence of an alumina catalyst (U.S. Patent No. 3445538). 

w Houben-Weyl: "Methoden der Organischen Chemie", Vol. V (1972), pages 175 to 179 describes various dehydro- 
chlorination processes using e.g. CaCJ 2 or MgCI 2 as catalysts. US-A-1 975 456 relates to a process for producing an 
olef ine, which consists in subjecting a straight-chain alkyl halide of from 4 to 5 carbon atoms and of one of the middle 
halogens to non-catalytic pyrolysis at a temperature above 450°C. However, a catalyst may be used where and if 
desired. 

is However, the known methods have many problems of a low conversion rate or yield, of formation of a large amount 
of by-products such as methylpentenes, and of unsatisfactory selectivity of the desired product. 
An object of the present invention is to solve the above-mentioned problems. 

The present inventors have now found that the problems can be overcome completely by using a certain catalyst 
The present invention provides a process for the production of 2,3-dimethylbutenes by the dehydrochlorination of 
20 1 -chloro-3,3-dimethylbutane (CDB) in the presence of a catalyst, characterized in that at least one compound selected 
from the group consisting of magnesium compounds, calcium compounds and lanthanum compounds is used as the 
catalyst, wherein the catalyst is in anhydrous form or has been subjected to calcination at a temperature in the range 
of200-600°C. 

1-Chloro-3,3-dimethylbutane, which is the starting material of the present process, can be easily obtained, for 
25 example by the reaction of t-butyl chloride with ethylene in the presence of a catalyst such as aluminum chloride. The 
starting material may be used even in an unpurified form, unless it contains any impurities such as hydrocarbons and 
halogenated hydrocarbons which may interfere with the present process. 

The catalyst in the present process is selected from the group consisting of magnesium compounds, calcium com- 
pounds and lanthanum compounds, such as oxides, halides, hydroxides, sulfates, nitrates, phosphates, carbonates, sil- 
30 icates and borates of magnesium, calcium and lanthanum. Examples of the catalyst are as follows: MgO, CaO, La 2 °3. 
MgCI 2 , CaCI 2 . LaCb, Mg(OH) 2 , Ca(OH) 2 , La(OH) 3 , MgS0 4 . CaS0 4 . La 2 (S0 4 ) 3 , Mg(N0 3 ) 2 . Ca(N03) 2 , La(N03) 3 , 
Mg3( p C>4)2. Ca 3 (P0 4 ) 2 . LaP0 4 , MgCOa, CaC0 3 , La 2 (C0 3 )3, Mg 2 Si0 4 . Ca 2 Si0 4 , La^SiO^. MgfBOafe. CafBO^ and 
La(B02) 3 . 

As to the magnesium and calcium compounds, the oxide and chloride thereof are preferred. The lanthanum com- 
35 pounds are preferably in the form of the oxide. 

Among the magnesium, calcium and lanthanum compounds, the calcium compounds are preferably used. 

When the present process is carried out in a gas phase, CaO or CaCfe is advantageously used, in a liquid phase 
reaction, CaCI 2 is preferred. 

The catalysts can be used as such or in a supported form on an inactive material such as an active carbon. 
40 Prior to providing the catalyst, it is usually subjected to calcination at a temperature in the range of from 200 to 600 
°C in the air or in an inactive gas atmosphere such as nitrogen under a normal pressure. The calcination of the catalyst 
can also be performed under a reduced pressure at the same temperature. An anhydrous form of the catalyst can be 
used without the calcination. 

The present process can be carried out in a gas phase or in a liquid phase. 
45 In the gas phase process, the evaporated starting material is passed through a reaction column containing the cat- 
alyst at a temperature in the range of from 180 to 400 °C, preferably 180 to 350 °C. The catalyst can be used as such 
or in the supported form. The catalyst can be combined with a binder and shaped to a suitable form. 

The liquid phase process can be carried out by dispersing the catalyst in the starting material. However, in a pre- 
ferred embodiment the catalyst is dispersed in an inactive solvent such as hydrocarbons and halogenated hydrocar- 
50 bons and then combined with the starting material. When the 2,3-dimethylbutene product is intended to be separated 
by distillation from the liquid phase, the solvent should have a higher boiling point than both the starting material and 
the product Examples of such the high-boiling solvent are mineral oil, liquid paraffin, n-decane, n-tetradecane, n-tride- 
cane, decalin, 1,1,2,2-tetrachloroethane, 1 ,2,4-trichIorobenzene, 1 ,2-dichlorobenzene, chlorobenzene and a mixture 
thereof. 

55 The present liquid phase process can be performed in batch or preferably continuously. In the continuous process, 
the reaction product can be collected by removing the liquid containing the product from a reactor or by distillating off 
the product in the form of a gaseous mixture with hydrogen chloride from the liquid phase. In the latter case, 2,3-dimeth- 
ylbutenes having lower boiling points than the starting material can be preferentially distilled off through a suitable dis- 
tillation column so as to improve the yield of the product. Further, the ratio of 2,3-dimethyl-1-butene to 2,3-dimethyl-2- 
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butene in the reaction product can be controlled by using a fractionating column. 

The liquid phase process can be carried out at a lower temperature at 70 to 300 °C, preferably at 100 to 250 °C 
than the gas phase process. 

The present process is usually performed under a pressure of 0.1 to 10 atm. The feed rate of the starting material 
5 can vary with the type of the process, the temperature, the pressure and so on. 1 -Chloro-3,3-dimethytbutane is usually 
fed at the rate of 0.01 to 10 kg/hr/kg of the catalyst. 

In the present process, the 2,3-dimethyibutene product may react with the hydrogen chloride by-product to form a 
slight amount of 2-chloro-2,3-dimethylbutane (CDB). CDB can be recovered from the reaction mixture by distillation and 
recycled by incorporating in the starting material. The formation of CDB can be suppressed by diluting the starting 
10 material with a suitable diluent for example a gas such as nitrogen, a rare gas, methane, ethane, propane, ethylene, 
propylene or butene and an aliphatic or aromatic hydrocarbon such as pentane, hexane, octane, benzene, toluene or 
xylene. Due to the use of the present catalyst, the diluents even of the aromatic hydrocarbon type hardly react with the 
starting material or the olefin product, in other words, substantially no alkylated product having a high boiling point is 
formed. 

is The hydrogen chloride gas can be removed as a hydrochloric acid after dissolving the gas in water or as a residual 
gas after the condensation of the gaseous 2,3-dimethylbutene product. The recovered hydrogen chloride can be used 
in the preparation of t-butyl chloride, which is one of the starting materials for the production of 1 -chloro-3,3-dimethylb- 
utane. 

The 2,3-dimethylbutene product is usually collected by distillation. It is also possible to fractionate 2,3-dimethyl-1- 
20 butene and 2,3-dimethyl-2 -butene. 

The reaction mixture may contain a small amount of 3.3-dimethyM -butene, which can be easily recovered form the 
mixture by distillation. The by-product can be incorporated in the starting material and then converted to 2,3-dimethyl- 
butenes. 

The present invention is explained more in detail by following Examples. 

25 

Examples 1 ft> $ pnd Comparative Example? 1 ft 3 

A quartz reaction column having an inner diameter of 10 mm was filled with each 2 cc of the catalysts of 24 to 48 
mesh (i.e., catalysts capable of passing through sieve openings in the range from 0.701 mm to 0.295 mm, correspond- 
30 ing to 24 to 48 mesh, the sieve opening measurements being one side of the rectangular sieve opening) as shown in 
Table 1 . The catalyst was calcined at 250 °C in the air for one hour before the use. 

At a flow rate of a nitrogen carrier gas of 100 cc/rnin, 1<hloro-3,3-dimethyfbutane (hereinafter referred to as NHC) 
was fed at a rate of 2.5 g/hr at 230 °C. A gaseous reaction mixture which passed the column was introduced into water 
and partitioned. An organic phase was subjected to gas chromatography. The results are shown in Table 1 . 

35 



Table 1 



Exam. 
No. 


Catalyst 


Temp. 
(°C) 


Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) * 1 












NHE 


DMB-1 


DMB-2 


CDB 


Rest 


1 


CaO 


230 


5-7 


92.9 


2.0 


23.0 


64.7 


3.0 


7.3 


2 


Cad 2 


230 


4-5 


85.9 


2.2 


22.0 


63.4 ; 


3.0 


9.3 


3 


La 2 0 3 


230 


4-5 


79.6 


2.5 


23.0 


66.0 


1.9 


6.8 


4 


CaCVC* 2 


230 


4-5 


86.3 


5.9 


23.2 


64.5 


1.6 


4.8 


5 


MgCI 2 /C* 2 


230 


4-5 


87.7 


4.0 


24.1 


63.5 


1.0 


7.4 


Comp.1 


Al 2 0 3 


230 


2-3 


21.1 


7.1 


21.3 


57.8 


2.8 


10.9 


Comp.2 


Al20 3 


300 


1 -2 


56.3 


4.2 


20.7 


46.6 


5.1 


23.3 


Comp.3 


SiQ 2 


230 


3-4 


12.8 


3.3 


22.4 


59.4 




14.6 



Note: *1 : Composition of the product 
NHE: 3,3-dimethyM -butene 
DMB-1: 2,3-dimethyM -butene 
DMB-2: 2,3-dimethyt-2-butene 

The rest primarily consisted of methytpentenes and hexenes. 

'2: CaCla and MgCfe were supported on an active carbon by impregnation in an amount of 20 % by weight. 
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Example 6 

5 The same procedure as in Example 1 was repeated, except that 2 cc of the CaO catalyst was used after the calci- 
nation at 400 °C in the air for one hour and that an NHC/n-perttane mixture (weight ratio 50/50) was fed at the rate of 5 
g/hr without the carrier gas. 
Conversion: 99.0 %. 

Selectivity: NHE (2.1 %), DMB-1 (24.2 %), DMB-2 (64.5 %), CDB (3.0 %), the rest (6.1 %). 

10 

Example 7 

The same procedure as in Example 1 was repeated, except that 4 cc of the CaCI 2 catalyst was used after the cal- 
cination at 250 °C in the air for one hour and that an NHC/toluene mixture (weight ratio 50/50) was fed at the rate of 10 
is g/hr with the nitrogen carrier gas at the flow rate of 5 cc/min at various temperatures in the range of from 1 80 to 300 °C. 
The results are shown in Table 2. 

A high-boiling compound such as alkylated toluene was never formed. 



Table 2 



30 



Temp. 
(°C) 


Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) 








NHE 


DMB-1 


DMB-2 


CDB 


Rest 


180 


3-4 


89.8 


1.5 


16.1 


59.8 


16.0 


6.6 


200 


7-8 


96.0 


1.7 


18.9 


63.2 


10.3 


5.9 


260 


11-12 


99.9 


2.2 


23.6 


62.9 


6.2 


5.0 


300 


15-16 


100 


2.4 


26.3 


60.5 


5.1 


5.7 



Example 8 

35 

The same procedure as in Example 1 was repeated, except that 4 cc of the CaCJ 2 catalyst was used and that NHC 
was fed at the rate of 6.1 g/hr at 240 °C without the carrier gas. 
Conversion: 99.2 %. 

Selectivity: NHE (2.5%), DMB-1 (26.0 %), DMB-2 (64.1 %), CDB (2.7 %), the rest (4.7 %). 

40 

Example 9 

A quartz reaction column having the inner diameter of 18 mm was filled with 10 cc of the CaO catalyst capable of 
passing through sieve openings in the range from 0.701 mm to 0.295 mm (24 to 48 mesh). The catalyst was calcined 
45 at 400 °C in the air for one hour before the use. 

With flowing the nitrogen gas at the flow rate of 400 cc/min, NHC was fed at the rate of 12.0 g/hr at 220 °C. The 
conversion and the selectivity were determined with time. The results are shown in Table 3. 



Table 3 



Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) 






NHE 


DMB-1 


DMB-2 


CDB 


Rest 


4-9 
51 -58 


98.1 
93.6 


2.2 
2.7 


23.1 
23.4 


68.0 
67.5 


0.9 
0.9 


5.8 
5.5 
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Example 10 and Comparative Example 4 

In a simple distillation unit consisting of a 100 cc four necked flask with a magnetic stirrer, a thermometer, a starting- 
material inlet and a gas outlet, the catalyst in a powder form (12 g) was dispersed in a liquid paraffin (30 g) by stirring 
5 and then heated at various temperatures as shown in Table 4. Then, NHC was continuously fed into the flask at the rate 
of 2.5 g/hr. 

The gaseous mixture of the desired product with gaseous hydrogen chloride was distilled off, introduced into water 
and partitioned. An organic phase was subjected to gas chromatography. The results in a steady state when the amount 
of the distillate including HO was almost equal to that of the feed are shown in Table 4. 



Table 4 



Exam. 
No. 


Catalyst 


Temp. 
(°C) 


Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) 












NHE 


DMB-1 


DMB-2 


CDB 


Rest 


10 


CaCI 2 * 


230 


5-6 


93.7 


2.0 


22.7 


51.1 


2.1 


22.1 






170 


5-6 


95.3 


2.0 


23.9 


58.2 


4.7 


11.2 






150 


5-6 


98.4 


1.8 


25.8 


64.4 


1.9 


6.1 






130 


6-7 


98.6 


2.4 


27.2 


66.9 


1.0 


2.5 


Comp.4 


AI 2 <V 


230 
170 


5-7 
5-7 


52.7 
<4 


3.0 


19.9 


44.6 


23.1 


9.4 



Note: 

*: CaCfe or A!(OH) 3 was calcined at 200 °C or 250 °C, respectively in an nitrogen atmosphere for one hour 
before the use. 
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Example 11 

The same procedure as in Example 10 was repeated at 170 °C. The distillate was analyzed with time. The results 
35 are shown in Table 5. 



Tables 



40 



45 



Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) 






NHE 


DMB-1 


DMB-2 


CDB 


Rest 


63-65 


95.8 


3.5 ! 


34.8 


55.9 


1.4 


4.4 


117-119 


95.0 


4.1 


37.3 


54.2 


0.8 


3.6 


154-156 


95.6 . 


4.0 


34.2 


56.6 


1.1 


4.1 



Example 12 

Into a 50 cc four necked glass flask equipped with a magnetic stirrer, a thermometer, a starting-material inlet and a 
simple fractionating column (inner diameter: 10 mm, length: 150 mm) containing glass packing, the CaCI 2 catalyst (5 
55 g) and liquid paraffin (20 g) were introduced. The catalyst was dehydrated at 200 °C under a nitrogen atmosphere 
before the use. NHC was fed at the rate of 2.5 g/hr at 180 °C. The distillation temperature was controlled by heating 
outside the fractionating column. 

The results in a steady state are shown in Table 6. 
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Table 6 



Distillation 
Temp. (°C) 


Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) 








NHE 


DMB-1 


DMB-2 


CDB 


Rest 


60 


31-33 


91.6 


2.4 


19.2 


59.6 


13.9 


4.9 


50 


24-26 


97.9 


2.6 


22.8 


63.6 


6.3 


4.7 


40 


45-47 


99.7 


4.4 


49.9 


35.8 


6.2 


3.7 



75 

Example 13 and 14 

Into a 50 cc four necked flask equipped with a magnetic stirrer, a thermometer, a starting-material inlet and an out- 
let, the anhydrous CaCI 2 catalyst (5 g) and decalin or o-dichlorobenzen (20 ml) as a solvent were introduced. 
20 The same procedure as in Example 1 0 was repeated by feeding NHC at the rate of 2.5 g/hr at the reaction temper- 
ature of 170 °C. 

The results in a steady state are shown in Table 7. 



Table 7 



Exam. 
No. 


Solvent 


Time 
(hrs) 


Conversion 
(%) 


Selectivity (%) 










NHE 


DMB-1 


DMB-2 


CDB 


Rest 


13 


decalin 


7-9 


92.0 


1.9 


19.9 


63.0 


5.8 


9.4 


14 


o-dichlorobenzene 


7-9 


95.0 


1.6 


18.9 


61.7 


3.5 


* 14.3 
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Example 15 

Into the same reaction unit as in Example 13, CaCI 2 0° 0) and NHC ( 20 roQ were introduced. The outlet was 
equipped with a condenser. The distillation temperature was controlled in the range of from 40 to 50 °C. The flask was 
40 placed in an oil bath at 130 °C. The reaction mixture was circulated at the rate of 2!5 g NHC/hr by a pump. 
The results in a steady state (1 5 to 1 7 hours from the beginning of the reaction) are as follows: 
Reaction temperature in the flask: 1 1 3 to 1 1 5 °C 
Conversion: 99.9 % 

Selectivity: NHE (1 .9 %), DMB-1 (34.6 %), DMB-2 (62.0 %). CDB (0.9 %), the rest (0.6 %) 

45 

Examples 16 and 17 and Comparative Example 5 

In the same procedure as in Example 1 0, the catalyst (4 g) and liquid paraffin (20 g) were introduced into the flask. 
Then, at the flow rate of the nitrogen gas of 120 cc/min, NHC was fed at the rate of 5.8 g/hr at 230 °C. 
so The results after 4 to 5 hours from the beginning of the reaction are shown in Table 8. 



55 
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Table 8 



Exam. 
No. 


Catalyst* 


Conversion 
(%) 


Selectivity (%) 








NHE 


DMB-1 


DMB-2 


CDB 


Rest 


16 


CaO 


77.6 


1.3 


17.7 


49.7 


22.0 


9.3 


17 




83.7 


1.8 


17.5 


51.2 


20.6 


8.9 


Comp.5 


Al 2 0 3 


49.3 


2.0 


15.4 


44.0 


24.7 


13.9 



The catalysts (CaO, U2O3 or AI(OH)3) were cateined at 250 °C in a nitrogen atmos- 
phere for one hour before the use. 
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Claims 

20 1 . A process for the production of 2,3<limethy1butenes by the dehydrochlorination of 1 -chloro-3.3-dimethytbutane in 
the presence of a catalyst characterized in that at least one compound selected from the group consisting of mag- 
nesium compounds, calcium compounds and lanthanum compounds is used as the catalyst, 

wherein the catalyst is in anhydrous form or has been subjected to calcination at a temperature in the range 
of200-600°C. 

25 

2. The process of claim 1 , wherein calcium oxide or chloride is used as the catalyst 

3. The process of claim 1 , wherein magnesium oxide or chloride is used as the catalyst 
30 4. The process of claim 1 , wherein lanthanum oxide is used as the catalyst. 

5. The process of claim 1 , which is a gas phase reaction. 

6. The process of claim 5, wherein calcium oxide or chloride is used as the catalyst 

35 

7. The process of claim 5, wherein the reaction temperature is in the range of from 180 to 400 °C. 

8. The process of claim 7, wherein the reaction temperature is in the range of from 1 80 to 350 °C. 
40 9. The process of claim 1 . which is a liquid phase reaction. 

10. The process of claim 9, wherein calcium chloride is used as the catalyst. 

11. The process of claim 9, wherein the reaction temperature is in the range of from 70 to 300 °C. 

45 

12. The process of claim 1 1 , wherein the reaction temperature is in the range of from 100 to 250 °C. 
PatentansprOche 

so 1. Verfahren zur Herstellung von 2,3-Dimethylbutenen durch Dehydrochlorierung von 1-Chlor-3,3-dimethylbutan in 
Gegenwart eines Katalysators, dadurch gekennzeichnet, daB wenigstens eine Verbindung aus der Gruppe von 
Magnesium-, Calcium- und Lanthanverbindungen als Katalysator verwendet wird, wobei der Katalysator in wasser- 
freier Form vorliegt oder bei einer Temperatur im Bereich von 200 - 600 °C kalziniert wurde. 

55 2. Verfahren nach Anspruch 1 , wobei Calciumoxid oder CalciumchlorkJ als Katalysator verwendet wird. 

3. Verfahren nach Anspruch 1 , wobei Magnesiumoxid oder Magnesiumchlorid als Katalysator verwendet wird. 

4. Verfahren nach Anspruch 1 , wobei Lanthanoxid als Katalysator verwendet wird. 
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5. Verfahren nach Anspruch 1 , das eine Gasphasenreaktion ist 

6. Verfahren nach Anspruch 5, wobei Calciumoxid Oder Calciumchlorld als Katalysator verwendet wird. 

7. Verfahren nach Anspruch 5, wobei die Umsetzungstemperatur im Bereich von 180 bis 400 °C liegt 

8. Verfahren nach Anspruch 7, wobei die Umsetzungstemperatur im Bereich von 180 bis 350 °C liegt. 

9. Verfahren nach Anspruch 1 , das eine FIGssigphasenreaktion ist 

10. Verfahren nach Anspruch 9, wobei Calciumchlorid ais Katalysator verwendet wird. 

1 1 . Verfahren nach Anspruch 9, wobei die Umsetzungstemperatur im Bereich von 70 bis 300 °C liegt. 

1 2. Verfahren nach Anspruch 1 1 , wobei die Umsetzungstemperatur im Bereich von 1 00 bis 250 °C liegt. 
Revendications 

1 . Proc6d6 de preparation de 2.3-dimGthy!but&ies k partir de 1 -chloro-3,3-dim6thyibutane par elimination de chlorure 
d'hydrogfcne en presence d'un catalyseur, caracterise en ce qu'on utilise comme catalyseur au moins un compost 
choisi dans le groupe consistant en composes de magnesium, composes de calcium et composes de lanthane, 
proc6d6 dans lequel le catalyseur est sous forme anhydre ou a 6t6 soumis k une calcination k une temperature 
situ6e dans ie domaine de 200 k 600°C. 

2. Proc6d6 selon la revendication 1 , dans lequel on utilise comme catalyseur I'oxyde ou le chlorure de calcium. 

3. Procede selon la revendication 1 , dans lequel on utilise comme catalyseur I'oxyde ou le chlorure de magnesium. 

4. Proc6d6 selon la revendication 1 , dans lequel on utilise comme catalyseur I'axyde de lanthane. 

5. Procede selon la revendication 1 , dans lequel la reaction est effectu6e en phase gaseuse. 

6. Procede selon la revendication 5, dans lequel on utilise comme catalyseur I'oxyde ou le chlorure de calcium. 

7. Procede selon la revendication 5, dans lequel la temperature reactionnelle se situe dans le domaine de 180 k 
400°C. 

8. Procede selon la revendication 7, dans lequel la temperature r6actionnelle se situe dans le domaine de 180 k 
350°C. 

9. Procede selon la revendication 1 , dans lequel la reaction est effectu6e en phase liquide. 

10. Precede selon la revendication 9. dare lequel on utilise comme catalyseur le chlorure de calcium. 

1 1 . Proc6d6 selon la revendication 9, dans lequel la temperature r6actionneIle se situe dans le domaine de 70 k 300°C. 

12. Procede selon la revendication 11, dans lequel la temperature r6actionnelle se situe dans le domaine de 100 k 
250°C. 
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